Objective: The aim of the present study was to evaluate the association between meat consumption and the prevalence of a first, non-fatal event of an acute coronary syndrome (ACS), in a Greek sample. Design: Randomized, case-control study. Setting: Tertiary care. Subjects: A total of 848 out of 956 patients who had been randomly selected from hospitals with first event of an ACS and 1078 population-based controls, age and sex matched. Interventions: Detailed information regarding their medical records, alcohol intake, physical activity and smoking habits was recorded. Nutritional habits were evaluated with a semiquantitative food-frequency questionnaire. Multiple logistic regression analysis estimated the odds ratio of having ACS by level of meat intake, after taking into account several confounders. Results: Patients consumed higher quantities of meat compared with controls (6.572.9 vs 4.972.1 portions per month, Po0.001). Food-specific analysis showed that red meat consumption was strongly associated with 52% increased odds of ACS (95% confidence interval (CI) 1.47-1.58). On the contrary, white meat consumption seems to be associated with only 18% likelihood of having cardiac events (95% CI 1.11-1.26). Participants who consumed 48 portions red meat and 412 portions white meat per month had 4.9 times and 3.7 higher odds of having ACS, respectively (Po0.001), compared with low meat intake (o4 portions and o8 portions per month, respectively). Conclusions: Increased red meat consumption showed a strong positive association with cardiac disease risk, whereas white meat consumption showed less prominent results, after controlling for several potential confounding factors.
Introduction
For cardiovascular diseases (CVDs), meat can be implicated as a risk factor in several ways. Firstly, about half of the fat from meat is saturated fat, of which some saturated fatty acids presumably raise serum cholesterol in populations at risk for coronary heart disease (CHD) (Gotto et al., 1990) . Secondly, meat provides arachidonic acid, a precursor of proinflammatory eicosanoids such as thromboxane A 2 , which increases platelet aggregation propensity (Leaf and Weber, 1988) . Thirdly, meat provides heme iron, which has been shown to promote oxidation of low-density lipoprotein (LDL) in vitro (Balla et al., 1991) . An association between measures of body iron and risk of CHD has been observed, although results of relevant studies are conflicting (Ascherio et al., 1994; Malaviarachchi et al., 2002) . Finally, it has been suggested that another mean by which red meat might increase CHD risk is through its methionine content, which is the direct metabolic precursor of homocysteine, whereas meat is also rich in vitamin B 12 , which reduces homocysteine levels (Verhoef et al., 1996) . Nevertheless, the role of homocysteine levels in the development and treatment of CVD remains a matter of conflict (Kushi et al., 1995; Selhub, 2006 ). An ecological study on CHD mortality and annual meat consumption in European countries failed to show any relationship; for example, France with the highest meat consumption had the lowest CHD mortality rate (Ulbricht and Southgate, 1991) , a fact that may reflect the significance of dietary patterns and not single foods or nutrients, as French people consume also more plant foods, including small amounts of liquid vegetable oils, and more vegetables (more antioxidants, fibre, plant sterols Artaud-Wild et al., 1993) . On the contrary, evidence that regular meat consumption increases risk of CHD mortality comes from studies that compare Seventh-day Adventists, in which people who consumed red meat daily were found to have almost 60% grater chance of dying from CHD than those who consumed red meat less than once per week (Kahn et al., 1984) .
In the Seven Countries Study, associations between the intake of food-groups and 25-year mortality from CHD, (defined as sudden coronary death or fatal myocardial infarction (MI)) revealed a significant positive association with meat consumption (Menotti et al., 1999) . Additionally, the risk of acute MI and CHD was directly associated with frequency of meat consumption, as well as with processed meats like ham and salami, in a case-control study of women, after adjustment for major non-dietary covariates (Gramenzi et al., 1990) , as well as in the CORA study (Zyriax et al., 2005) . Finally, studies that examine the effect of dietary patterns and not food group or nutrient intake alone, on CHD risk, characterize a 'Western' pattern, as a pattern rich in red and processed meats, among other characteristics, and associate it with increased risk of CHD, independent of other lifestyle variables (Hu et al., 2000) .
Meat and especially red and processed meat consumption have been also associated with increased risk for type II diabetes (van Dam et al., 2002; Song et al., 2004) , obesity (Appleby et al., 1998) , hypertension (Sacks et al., 2001 ) and metabolic syndrome (Baxter et al., 2006) . Therefore, the aim of the present study was to evaluate the association between meat intake and the prevalence of a first, non-fatal event of an acute coronary syndrome (ACS) (MI or unstable angina (UA)), in a Greek sample.
Methods

Patients and controls
The CARDIO2000 is a multicentre case-control study that explores the association between several sociodemographic, nutritional, lifestyle and clinical factors with the risk of developing non-fatal ACS. We stratified our sampling into all 10 Greek regions (Athens area, Sterea Hellas, Thessalia, Macedonia, Thrace, Epirus, Ionian Islands, Aegean Islands, Peloponnesus and Crete) according to the population distribution provided by the National Statistical Services. From every region, we randomly selected a specific number of patients from the prefectorial or the major private hospitals. Thus, from January 2000 to August 2001, 848 out of 956 patients (89% response rate) who had been randomly pre-selected from the hospitals with a first symptom of CHD (stable angina was excluded from the analysis) in their life, agreed to participate into the study (cases) . Approximately half of the clinics in Athens and Thessalonica (the two major urban cities in Greece, covering about 55% of the total population) and almost all the clinics of the other counties were represented in the study. The number of participants was determined through power analysis, in order to evaluate a minimum difference of 7% in odds ratios (ORs) per one unit increase in the explanatory variables with statistical power of 0.80 and P-value o0.05.
The inclusion criteria for the 848 cardiac patients were: 1. First event of acute MI diagnosed by two or more of the following features: typical electrocardiographic changes, compatible clinical symptoms, specific diagnostic enzyme elevations, or 2. First diagnosed UA corresponding to class III of the Braunwald classification (Myocardial infarction redefined, 2000) .
Following selection of the cardiac patients, we randomly selected 1078 subjects (830 male, 58.8710 years old and 248 female, 64.8710 years old) without any clinical symptoms or suspicious of CVD, in their medical history (controls), matched to the patients by age (73 years), sex and region. Controls were mainly subjects who visited the outpatients department of the same hospital and at the same period as the coronary patients, for routine examinations or minor surgical operations. In a few cases (in county hospitals), where the available number of hospitalized controls was not sufficient for the matching procedure, we enrolled into the study friends or colleagues of the coronary patients. The response rate for the hospitalized controls was 89%, and for the non-hospitalized was 81%. We used this type of controls in order to have more accurate medical information, to eliminate the potential adverse effect of unknown confounders, and to increase the likelihood that cases and controls shared the demographics.
Exposure parameters
The information regarding the investigated medical factors retrieved from the subjects' medical records, and the information regarding the lifestyle characteristics through a confidential, detailed, questionnaire during a specific interview by a physician, after the second day of hospitalization, for the cases and at entry for the controls. The investigators of the CARDIO2000 study retrieved all the collected information. The evaluation of the nutritional habits was with a semiquantitative food-frequency questionnaire based on the guidelines from the Department of Nutrition of the National School of Public Health (Trichopoulou et al., 1995) . The consumption of several food items, as an average per week during the past year, was measured and the frequency of consumption was quantified approximately, in terms of the number of times a month this food was consumed, respectively. Thus, weekly consumption multiplied by 4 and a value of 0 was assigned to food items rarely or never consumed. Particularly, for meat consumption, the quantity (i.e. portions per week; one portion equals to 60 g cooked) and type (red, white), were recorded. Alcohol consumption was measured by daily ethanol intake, in wineglasses (100 ml and 12% ethanol concentration) (Dyer et al., 1981) .
Current smokers were defined as those who smoked at least one cigarette per day. Quantification of smoking status was based on the calculation of pack-years adjusted for nicotine content equal to 0.8 mg per cigarette. Physical activity was defined as any type of non-occupational physical exercise, at least once/week during the past year, and was graded in qualitative terms such as light (expended calories o4 kcal/min, i.e. walking slowly, stationary cycling, light stretching etc.), moderate (expended calories 4-7 kcal/min, i.e. walking briskly, outdoor cycling, swimming moderate effort etc.) and vigorous (expended calories 47 kcal/min, i.e. walking briskly uphill, long distance running, cycling fast or racing, swimming fast crawl etc.) (Pate et al., 1995) . The rest of the subjects were defined as physically inactive. The participants' social status investigated through educational level, which was measured in years of school.
Detailed medical records were retrieved in all participants. Hypertension was defined as systolic/diastolic blood pressure 4140/90 mm Hg or use of special treatment, hypercholesterolemia was defined as elevated total serum cholesterol levels (4200 mg/dl) or use of lipids lowering agents and diabetes as fasting blood glucose levels 4125 mg/dl or use of antidiabetic medication. Presence of premature CHD among firstdegree relatives (o55 years for male relatives and o65 for female relatives) was, also, recorded. Finally, waist, height and weight were measured and the body mass index (BMI ¼ weight/{height} 2 ) was calculated. Moreover, according to National Cholesterol Education Program ATP III (NCEP ATPIII, 2001), the diagnosis of metabolic syndrome was established if three or more of the following risk factors were present: waist circumference 4102 cm (40 in) for men or 488 cm (37 in) for women; triglyceride level 4150 mg/dl; high-density lipoprotein cholesterol level o40 mg/dl for men or o50 mg/dl for women; blood pressure 4130/ 85 mm Hg; or fasting glucose 4100 mg/dl.
The CARDIO2000 study was approved by the Ethics Committee of the Department of Cardiology, Athens Medical School. Further details regarding the aims, design and methodology of the CARDIO2000 study have been presented previously (Panagiotakos et al., 2002) . Table 1 presents various characteristics of the patients and controls, by quartiles of meat intake. Particularly, among patients, meat consumption was positively associated with male sex (Po0.001), smoking (P ¼ 0.001) and sedentary lifestyle (P ¼ 0.02), as well as with BMI (P ¼ 0.001) and prevalence of hypertension (P ¼ 0.001), hypercholesterolemia (P ¼ 0.04), diabetes mellitus (P ¼ 0.05) and the prevalence of the metabolic syndrome (P ¼ 0.02), whereas it was negatively associated with age (Po0.001) and family history of CVD (Po0.001). Moreover, in controls, meat consumption was positively associated with male sex (Po0.001), smoking (P ¼ 0.001), BMI (P ¼ 0.001), sedentary lifestyle (P ¼ 0.03), the prevalence of hypertension (P ¼ 0.001), the prevalence of the metabolic syndrome (P ¼ 0.02) and family history of CVD (Po0.001), whereas it showed negative association with age (Po0.001). Education level as well as waist circumference were not significantly associated with meat consumption both in cases and in controls.
Statistical analysis
Further analysis showed that meat intake was inversely associated with fish (r ¼ À0.1, P ¼ 0.002), dairy products (r ¼ À0.07, P ¼ 0.04) and fruits consumption (r ¼ À0.19, P ¼ 0.001) and positively associated with legumes (r ¼ 0.22, P ¼ 0.001), vegetables intake (r ¼ 0.09, P ¼ 0.03) and consumption of alcoholic beverages (r ¼ 0.11, Po0.001), in both patients and controls. The aforementioned associations were more prominent in patients than in controls and not affected by the type of meat consumed.
The age and sex adjusted OR of having ACS based on meat intake (portion per month) was 1.23 (95% CI 1.20-1.3).
Food-specific analysis showed that red meat consumption was strongly associated with 52% increased odds of ACS (OR ¼ 1.52, 95% CI 1.47-1.58). On the contrary, white meat consumption seems to be associated with only 18% higher likelihood of having cardiac events (OR ¼ 1.18, 95% CI 1.11-1.26).
However, confounding may still exist. Thus, we have also adjusted for BMI, smoking, physical activity level, educational status, as well as the presence of family history of CHD, hypertension, hypercholesterolemia, diabetes and any special medication used by the participants. Multiple logistic regression analysis revealed that one portion increase in monthly meat intake was associated with 56% higher likelihood of having ACS, after controlling for factors mentioned above (95% CI 1.48-1.73). Table 2 presents the ORs (95% CI) for non-fatal ACS associated with meat consumption among men and women of the study sample. In addition, when type of meat was taken into account, we found that one portion increase of red meat intake was associated with 2.0-fold higher likelihood of ACS (95% CI 1.73-2.39), whereas one portion increase of white meat intake was associated with 37% higher likelihood of ACS (95% CI 1.21-1.55), after adjusting for the aforementioned confounders. No significant differences were observed when we adjusted for the consumption of various food groups or alcohol intake. Further quantitative analysis revealed that participants who consumed more than 8 portions per month of red meat had 4.9 times higher odds of having ACS (Po0.001), compared with low meat intake (o4 portions per month), whereas participants who consumed more than 12 portions per month of white meat had 3.7 times higher odds of having ACS (Po0.001), compared with low intake (o8 portions per month), even after adjusting for the aforementioned confounders. At this point, it should be noted that compared with no meat intake, low red meat intake (up to four portions per month) and low white meat intake (up to 8 portions per month) seem not to increase the likelihood of acute cardiac events (P40.05).
Finally, we stratified our analysis by hypercholesterolemia or diabetes status. We found that patients who had hypercholesterolemia before the acute cardiac event consumed higher quantities of meat compared with hypercholesterolemic controls (3.471.4 vs 2.571.0 portions per month, Po0.001) and meat consumption was associated with 2.1 times higher likelihood of ACS (95% CI 1.52-3.08). Among people with normal lipid levels, the previous relationship was slightly stronger (OR ¼ 2.68, 95% CI 1.87-3.85). Similar findings were observed when diabetes status was considered. Particularly, diabetic patients consumed higher quantities of meat compared with diabetic controls (3.471.4 vs 2.771.7 portions per month, Po0.001), whereas meat consumption was associated with 1.47 times higher likelihood of ACS (95% CI 1.22-1.77). The association of meat intake with the odds of ACS was more prominent among people without evidence of diabetes (OR 1.58, 95% CI 1.45-1.72). No other significant interactions were observed between meat intake and sociodemographic or other clinical characteristics of the participants on the odds of having ACS (data not presented in text or tables).
Discussion
The present study revealed that the consumption of meat is significantly associated with higher odds of having acute coronary events, even after controlling for several potential confounding risk factors. In particular, one portion increase in monthly meat intake was roughly associated with 60% higher likelihood of having ACS, whereas, participants who consumed more than 8 portions of red meat or more than 12 portions of white meat per month had about 4 times higher odds of having ACS.
Our results are in line with the Seven Countries Study (Menotti et al., 1999) , which showed an independent positive correlation of meat (g/day) vs CHD death rates (r ¼ 0.64) and predicted a 24% reduction in CHD death rate by reducing meat average consumption by 50 g. A positive association between acute myocardial infarction (AMI) and high meat consumption was also observed in a case-control study, which investigated the impact of a Mediterranean dietary pattern on CHD (Martinez-Gonzalez et al., 2002) , as well as in a women case-control study in which the risk of AMI was directly associated with frequency of consumption of meat, with those at the highest third of consumption having 50% higher likelihood of AMI than those at the lowest third (Gramenzi et al., 1990) . Meat consumption was also positively associated with fatal ischaemic heart disease in both men and women in a sample of Seventh-day Adventists and this association was apparently not due to confounding by egg and dairy product consumption, obesity, marital status or cigarette smoking. In the same study, for 45-to 64-yearold men, there was approximately a threefold difference in risk between men who ate meat daily and those who did not eat meat. Finally, regular consumption of beef, when added to a vegetarian diet, has been demonstrated to increase blood cholesterol, especially LDL, and blood pressure (Sacks et al., 1981) .
According to our findings, meat consumers were mostly young male smokers, with a sedentary lifestyle and with increased prevalence of diseases, such as hypertension, hypercholesterolemia, diabetes mellitus and the metabolic syndrome. Moreover, meat consumption showed a negative association with family history of CHD in the patients, but a positive in controls, with no difference in the type of meat consumed. It is difficult to speculate why people with family history of CVD and developed an event were fewer in the high meat intake categories, whereas people with family history of CVD and without developing an event were more (but much less compared with pts) in the high meat intake categories. However, this was taken into account in the multivariate analysis and did not affect our findings. Meat consumption showed also an inverse association with fish, fruits and dairy products' intake and a positive association with alcohol consumption, reflecting a dietary pattern that according to the existing scientific data promotes CHD (Reddy and Katan, 2004) . Therefore, meat consumption probably combines with an overall unhealthy lifestyle that favours CVD in several ways.
Concerning evidence on type of meat consumed, red meat consumption was associated with a twofold higher likelihood of ACS, whereas white meat consumption was associated with 37% higher likelihood of having cardiac events and this effect was independent of other food and alcohol intake, as well as of several clinical and demographic characteristics. Therefore, the less adverse effect of white meat consumption could be attributed to the lipid profile, that is, the lower content of saturated fatty acids that white meat contains or to other unknown so far nutritional factors. However, lack of data on the fat content of the red meat consumed does not allow us to see how lean red meat would affect the risk of acute cardiac events, as there is evidence that lean red meat, trimmed of visible fat, that is consumed in a diet low in saturated fat, does not increase cardiovascular risk factors (plasma cholesterol levels or thrombotic risk factors) (Li et al., 2005) .
The analysis of our data showed that red meat intake up to 4 portions per month and white meat intake up to 8 portions per month seem not to increase the likelihood of acute cardiac events. These quantities are approximate to those recommended, based on the Mediterranean diet pyramid, which suggests that an optimal intake is 16 portions of 60 g poultry and 4 portions of 60 g red meat per month (Supreme Scientific Health Council, 1999) . However, our information on food habits are based on retrospective data, which means that the case of under-or over-reporting cannot be ruled out and recommendation concerning optimal consumption should be interpreted with caution.
Finally, we observed in hypercholesterolemic and/ or diabetic subjects that meat intake was less prominent regarding its effect on ACS risk. This may be explained by the lower quantities of meat consumed by people who had already hypercholesterolemia or diabetes, probably due to former dietary counselling received for these clinical conditions.
Limitations of the study
In case-control studies two, main, sources of systematic errors may exist, the selection and the recall bias. In order to eliminate selection bias, we tried to set objective criteria, both, for patients and controls. However, insignificant misclassification may exist, as a small percentage of asymptomatic coronary patients may be wrongly assigned to controls, even they were evaluated by a cardiologist. Concerning information bias, we tried to avoid it through accurate and detailed data from subjects' medical records. Moreover, the coronary patients who died at entry or the day after were not included in the study. This bias could influence our results, but, as the proportion of deaths during the first 2 days was estimated between 2 and 4%, by the physicians of the study, we believe, that the inability to include the fatal events did not altered, significantly, our findings. Furthermore, regarding the potential effect of uncontrolled-unknown confounders, we tried to reduce it by using the same study base, both, for patients and controls. Finally, the study design and the available information did not allow us to estimate insulin resistance, a variable that could have added some evidence concerning the impact of meat consumption on glucose metabolism.
Conclusion
According to our findings, increased meat consumption is strongly associated with the presence of ACS, irrespective of various potential confounders. However, low consumption does not seem to confer to an increase in the likelihood of having acute cardiac events.
